Introduction
At the current growth rate of obesity throughout the world, a market has been created for nutritional and food supplements as well as ingredients that can control obesity and its related diseases. DAG cooking oil is known to possess antiobesity effect. DAG oil was introduced in Japan as cooking oil in 1999 by Cao Corporation. Later it was introduced as Enova oil in the United States in 2003. In 2009, DAG cooking oil was withdrawn from market due to presence of glycidol esters. These DAG oils were prepared from canola and soya oils. At present, new initiative has been adopted to decrease the glycidol esters content in DAG oils 1 . Currently, there is an interest on DAG cooking oils from dietary triacylglycerol TAG oil having healthy fatty acid composition. The two isomeric forms of DAG are mainly sn-1,2 2,3 -DAG and sn-1,3-DAG of which 1,3-DAG form is suggested to be responsible for its beneficial effects 2 .This is due to different absorption and metabolic pathway of DAG compared to TAG and 1,2-DAG 3 . Studies have shown DAG to decrease both body weight and visceral fat mass in humans in comparison with TAG 4 . Moreover,
several studies with humans have demonstrated DAG ingestion to reduce postprandial hypertriglyceridemia as already available on the market shelf in Japanese market since 1999 and has been launched nationwide in the United States in January 2005. Diacylglycerol DAG can be produced either enzymatically 8 or chemically 9 of which the enzymatic method is basically followed for production of dietary DAG. Enzymatic production of DAG includes direct esterification 10 , glycerolysis 11 , interesterification 12 , partial hydrolysis 13 or a combination of partial hydrolysis and esterification 14 . The most recent method for the production of high-purity1,3-DAG in the industry involves two reactions: partial hydrolysis of a fat or oil to obtain a partial hydrolysate with a high FFA content, followed by 1,3-specific lipase-catalyzed esterification of the FFA in the hydrolysate with glycerol 15 . In glycerolysis, DAG can be formed both by removal of acyl moiety from TAG and by acylation of monoacylglycerols MAGs formed during the reaction. Lortie et al. reported a kinetic study using lipase in a triolein synthesis reaction 16 .
In our previous study, we had worked on DAG-rich mustard oil and established its anti-obesity effect in vivo 17 . Mustard oil Brassica juncia L. contains erucic 18:2 in appreciable amounts. It is one of the major and widely used edible oils of eastern India. Anti-obesity and hypocholesterolemic effect of DAG-rich rice bran oil was evaluated subsequently due to the presence of natural antioxidants such as oryzanol, tocopherol, tocotrinol and some other micronutrients 18 . Production of DAG-rich sunflower oil using Novozyme-435 is an established fact 19 .
The present investigation involved the optimal production of DAG from sunflower oil in a solvent-free glycerolysis reaction using TLIM Thermomyces lanuginosus immobilized lipase as biocatalyst. The reaction involves partial hydrolysis of the oil followed by lipase-catalysed esterification of free fatty acids with glycerol. Since previous experiments were carried out with TLIM, it was selected for this work too. Literature reports also indicate it to be suitable for hydrolysis and esterification 20 .
Materials and Methods

Materials
Refined sunflower oil was supplied by Meghdoot Oils Mill Pvt Ltd., Belapur, Navi Mumbai, India. 1,3-specific TLIM Thermomyces lanuginose immobilized lipase was obtained as a gift from Zytex India Ltd., Mumbai, India. Glycerol and all other reagents used were of analytical grade and procured from Merck India Ltd. Mumbai, India. According to literature supplied by the manufacturer, the lipase was produced by submerged fermentation of genetically modified Aspergillus oryzae and possessed an activity of 250 IU.
2.2 Preparation of DAG-rich sunflower oil by enzymatic glycerolysis Sunflower oil MW-880 and glycerol MW-92 were taken in different molar ratio such as 2:1, 1:1 and 1:2. TLIM 10 w/w on the basis of total substrate weight was used as a biocatalyst. The reaction was performed at different temperatures viz. 30 , 40 , 50 , 60 and 70 with constant stirring 200 rpm with a magnetic stirrer for 7 h under vacuum 756 mm of Hg . Each reaction was monitored by withdrawing samples intermittently from reaction mixture every hour for 7 h and analyzed for DAG content in the sample. Acid value of the reaction mixture was determined intermittently. Final product was filtered to remove enzymes, and centrifuged 3000g, 4ºC for 10 min to remove excess glycerol by gravity separation and water washed and then vacuum dried at room temperature and stored in a refrigerator for future use. The reaction was carried out in triplicate and statistically analysed.
Generally water in the reaction mixture was removed using vacuum pump that maintained a reduced pressure in the reactor. Water also plays an important role in maintaining enzyme structure and catalytic activity.
The product was analyzed for MAG, 1,2 and 1,3-DAG, free fatty acid FFA and TAG using thin layer chromatography TLC , gas liquid chromatography GLC and gas chromatography-mass spectrometry GCMS . For quantification, high performance thin layer chromatography HPTLC was used.
Determination of acid value
The acid value was determined according to the standard method of AOCS 14 . The unsaponifiable matter of refined oils was estimated before and after glycerolysis by the method referred in AOCS 21 .
TLC for the detection of the products 22
The samples were withdrawn during the reaction every hr for TLC analysis in order to ascertain the production of DAG and other compounds. Each sample was fractionated on 20 20 cm plates spread with a 0.2 mm layer of silica gel G TLC plate in equal concentration by spotting uniformly along a line 1.5 cm from one edge of the plate and developed with solvent system comprising hexane-diethylether 8:2 v/v with a continuous flow on the preparative TLC. After complete run, the plate was removed from the solvent and the solvent completely removed by evaporation. The plates were then placed in an iodine chamber to visualize the separations. After visualization, actual yield or percent conversion was determined by HPTLC.
HPTLC analysis for the quantification of the DAG
samples prepared 23 For quantification of DAG, HPTLC plates were sprayed with 40 sulphuric acid, immediately heated to 180 to visualize the lipids, and used for densitometry. Standards for sn-1,2-DAG 99 pure, Sigma and 1,3-DAG 98 pure, Sigma were applied on the plate, and the calibration curves were constructed by plotting the IOD Integrated optical density vs. the amount of the lipid DAG samples loaded. The standard curve was linear between 0.25 and 10 μg, and the coefficient of regression was 0.98 on average. The value of the IOD of the lipid was interpolated on the corresponding calibration curve. Analyses were performed on TLC aluminium sheets 20 cm 20 cm Silica Gel 60 F 254 plates Merck, Germany with concentrating zone, 19 channels, and fluorescent indicator. Plates were developed to a distance of 65 mm solvent front, application position was 4.0 mm, sample volume 5 μL, solvent system used to develop the plates was 40:60 diethyl ether:hexane in a Camag HPTLC twin-trough chamber 10 10 cm, at 25 , lined with a saturation pad Analtech, Newark, DE, USA and the chamber was equilibrated with the mobile phase for 15 min before inserting the plate. Approximately 30 mL mobile phase 15 mL in the trough containing the plate and 15 mL in the trough containing the pad were used for each development which required approximately 20 min. After development, the plate was dried in air in a fumehood for 5 min, and sample and standard zones were quantified by linear scanning at 200 nm by use of a Camag TLC Scanner 3 Scanner 3-0229230 S/N 130214 with a D 2 source, 5 0.45 mm, micro and a scanning speed of 20 mm/sec, data resolution 100 μm per step. The WINCATS-3 software controlling the densitometer produced a calibration plot by linear regression relating standard zone weights to their scan areas and the experimental weight of DAG samples were automatically interpolated from the calibration curve. The analysis was validated by adding standard in the test solution internal standard . A test solution 1000 μL was mixed with stock solution 50.0 μL to double the DAG concentration. The difference between the mean experimental weights and the weight added was calculated to determine the accuracy of the method. Precision repeatability was validated by spotting three 5.00 μL aliquots of each sample on the same plate and calculating the relative standard deviation RSD of the experimental weights.
2.6 Analysis of fatty acid methyl ester FAME by gas liquid chromatography Gas-liquid chromatography was employed to determine the fatty acid composition of the original oil and the DAG produced after their conversion into corresponding methyl esters by Litchfield s method 24 . The GC Agilent, model:
7820A N Gas Chromatograph instrument used was equipped with FID detector and capillary DB-Wax column 30m-Length; 0.25m I.D. and 0.25 film thickness . The flow rates of nitrogen, hydrogen and air were maintained at 1 ml.min 1 , 30 ml.min 1 and 300 ml. 
Results and discussion
Fatty acid composition of sunflower oil has shown it to contain palmitic acid 16:0 -7.44-8 , stearic acid-3.72 , oleic acid-21.41 , linoleic acid-67.42 . Therefore it could be a potential nutraceutical. The effects of the various reaction parameters on the production of DAG-rich sunflower oil by enzymatic glycerolysis are shown in Figs. 2-4 . Figure 1 shows the HPTLC chromatogram of 1,2-DAG and 1,3-DAG obtained by glycerolysis after 5 h of constant reaction using TLIM 10 of total substrate at 50 with an oil:glycerol molar ratio of 2:1. The reactions were carried out at different temperatures ranging from 30, 40, 50, 60 and 70 . DAG yield found to increase with rise in temperature and the highest yield 59. 8 was obtained at 50 Fig. 2 One of the most important variables affecting the conversion of the TAG to DAG was the ratio of the substrates. The ratios of the two substrates influenced the enzyme catalyzed glycerolysis of sunflower oil Fig. 3 . A 1:1 molar ratio of oil:glycerol gave 48 DAG after 6 h, while a 1:2 molar ratio of oil:glycerol produced 33 DAG in 3 h. When the glycerolysis was performed with 2:1 molar ratio of oil:glycerol, the highest yield of 59.75 DAG was observed in 5 h. Thus this stoichiometric molar ratio was suitable for glycerolysis reaction. Figure 4 depicts the change of acid value during the course of reaction and indicated that higher conversion of TAG to DAG was obtained at a time when the acid value was minimal. A minimum acid value of 0.48 mg of KOH.g 1 of oil as observed at 5 h of reaction. Initially, free fatty acids formed due to enzymatic hydrolysis accumulated in the reaction medium which was manifested as an increased acid value. Subsequently these fatty acids gradually reacted with glycerol to form MAGs and DAGs which was again seen as a decrease in the FFAs in the reaction medium. Literature reports indicate a reaction time of approximately 4-5 h to be optimal since DAG yield does not increase significantly thereafter due to an equilibrium being established . Table 1 represents the fatty acid composition of the refined sunflower oil and DAG-rich sunflower oil. The fatty acid composition of TAG-rich oil was similar with that of DAG rich oil when TAG was converted to DAG by enzymatic glycerolysis. The content of TAG, DAG, MAG, FFA and unsaponifiable matter in original sunflower oil and DAGrich sunflower oil prepared by glycerolysis process is shown in Table 2 . The content of DAG increased from 2.23 to 59.75 with a concomitant decrease in the TAG from 94.92 to 28.42 in the DAG-rich sunflower oil. In enzymatic glycerolysis, DAG can be formed both by removal of an acyl moity from TAG and by acylation of MAGs formed during the reaction, therefore DAGs in- creased and TAGs decreased in reaction medium. Various factors like temperature, substrate concentration, enzyme load, reaction time, water content and acyl migration all are important factors for the effective production of DAG 31 . Table 3 shows the composition of DAG in the original TAG-rich oil and that in DAG-rich sunflower oil prepared under optimized conditions. Original sunflower oil had 2.23 DAG of which 1,3-DAG was found to be 69.95 and 1,2-/2,3-DAG was noted as 30 . In DAG-rich sunflower oil, the DAG content was 59.75 of which 63.34 was found as 1,3-DAG and 36.65 was 1,2-/2,3-DAG. Hence it is obvious from the results that although the DAG content increased in the DAG-rich oil, the ratio of 1,3-DAG and 1,2/2,3-DAG remained unaltered. This could be due to steric effect which may have caused the conversion of 1,2-/2,3-DAG to 1,3-DAG. The energy values of the TAG oil and DAG oil, when measured in bomb calorimeter, is reported to be almost similar with more or less similar digestibility. The reduction in fat accumulation by dietary DAG is only caused by differential metabolic fates of both the lipids after absorption in the GI tract 32 . Table 4 represents the total lipid composition of DAG oil in different time interval. The reaction was carried out over a period of 1-7 h using the immobilized enzyme TLIM in a solvent-free system with the aim of getting maximum content of DAG. The initial molar concentration of sunflower oil and glycerol was 2:1. In the early stages of the reaction, fatty acids formed by lipase hydrolysis of TAG molecule were consumed gradually by the glycerol to form DAG. The yield of DAG increased progressively and reached at maximum value at 59.8 after 5 h of reaction. Janni Brogaard 19 proposed the optimal time for 60 production of DAG oil in lab scale to be 4-5 h using non-specific Novozyme 435 as biocatalyst from sunflower oil by response surface design. Thereafter the dissociation of DAG and regeneration of TAG led to a decrease in the ultimate yield of DAG. Therefore, the optimum time was one of the important factors for the maximum yield of product DAG and in this reaction it was 5 h. Table 5 shows the composition of 1, 3 DAG and 1,2/2,3 DAG in DAG rich oil. Linoleic acid 18:2 content was found to be 30.78 in 1, 3 composition and 43.13 in 1, 2/2, 3 composition. Significant difference was also observed in palmitic 16:0 , oleic 18:1 and linolenic 18:3 acid content between 1, 3 and 1, 2 /2, 3 DAG. Glycerolysis reaction requires only 5 hr to attain the optimal level and due to specific nature of TLIM catalyst. Controlling water content during the esterification reaction is an important issue because the reaction equilibrium can be shifted to a direction of esterification with a decrease in water content. Water content also plays an important role in maintaining enzyme structure and catalytic activity.
A vast population of East India use sunflower oil as the primary cooking oil. Lipase catalysed glycerolysis was done using 1,3 specific lipase so as to promote the formation of 1,3 isoform of DAG as this isoform is reported to possess anti-obesity effect.
Purification of DAG oil was carried out in several steps. Slurry of glycerol, oil and enzyme was filtered to remove the enzyme. Unreacted glycerol was separated by centrifugation and water washing. The residual oil was vacuum dried and FFA was removed by deodorization followed by short path distillation to produce 90 DAG 33 . Values are mean ± SD, n=3
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Conclusion
The 1,3-specific TLIM catalysed glycerolysis was quite effective in producing DAG-rich sunflower oil 59.75 of DAG from TAG-rich sunflower oil within 5 h. Process parameters such as temperature, molar ratio of substrate and reaction time influenced the effective production of DAG by glycerolysis. A significantly less time 5 h was required possibly due to the occurrence of unsaturated fatty acid 18:2 in sunflower oil that may have high specificity towards lipase. DAG can be successfully produced from sunflower oil. Replacing a portion of TAG-rich sunflower oil with DAG-rich oil could be a promising way to control obesity which has become an alarming life style disease in present times. Values are mean ± SD, n=3
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